Supporting Methods

Molecular Cloning
The NOA1 coding sequence (NM_019836) was amplified by PCR using proofreading high-fidelity Phusion Polymerase (Finnzymes). Two enzymatic restriction sites (5'-GGA TCC BamH1, 3'-CTC GAG SlaI) and a Flag tag (5'-GAT TAT AAG GAT GAT GAT GAT AAG-3') were introduced by primer design. Truncation variants of NOA1 and the NOA1 NLS-mutant were produced using combinations of the following amplification primers: NOA1 forward: 5'-GGA TCC ATG CTG CCC GCG CGC CTG GCT TGC GGG CTG CTC TGC GGG; NOA1∆MTS forward: 5'-GGA TCC ATG CCC GCG CCG GCC GCT GCG TGC TAC GGC CCA GCA CGG-3'; NOA1-Flag stop reverse: 5'-TAA CTC GAG TCA CTT ATC ATC ATC ATC CTT ATA ATC TCT GTG CTT CTT CAG GTT G-3'; NOA1-∆C-terminus-Flag stop reverse: 5'-TAA CTC GAG TCA CTT ATC ATC ATC ATC CTT ATA ATC GTC GGC ATC AAA CTC AAA G-3'; NOA1-NLS mutant (K263A, R264A, R266A, K267A, R268A) forward: 5'-ACG CTC CCG GCT ACT TGG CGG CGC TGG CGG CGG CGC TGT GGG ACG ATT GCA T-3'; NOA1-NLS mutant (K263A, R264A, R266A, K267A, R268A) reverse: 5'-ATG CAA TCG TCC CAC AGC GCC GCC GCC AGC GCC GCC AAG TAG CCG GGA GCG T-3'; NOA1-ClpX mutant (K690A, K691A) reverse: 5'-CTC GAG TCA TCT GTG GGC GGC CAG GTT GTG CAC-3'. Codons leading to amino acid exchanges are underlined. Using Phusion polymerase (Finnzymes) a primer specific PCR product was generated following the manufacturer's protocol. In short, 1 µl of template DNA was mixed with 12.8 µl H 2 O, 4.0 µl 5x HF buffer, 0.4 µl dNTPs (10 mM), 0.5 µl forward oligonucleotide (10 pmol/µl), 0.5 µl reverse oligonucleotide (10 pmol/µl), 0.6 µl DMSO and 0.2 µl Phusion Polymerase. Amplification was performed in an Eppendorf light cycler using the following program: 1-94°C, 30 sec, 2-94°C, 10 sec, 3-68°C, 15 sec, 4-72°C, 25 sec, 5-72°C 5 min; 2-4 repeat 26 times. In case of the NOA1 NLS-mutant, two fragments were produced by using the following primer combinations: NOA1 sense/NOA1 NLS mutant antisense and NOA1 NLS mutant sense/NOA1 Flag stop reverse. The two fragments were subjected to an overlap PCR with the Phusion polymerase. The Phusion PCR product was extracted from an 1% agarose gel by using the PCR Clean up Kit (Macherey-Nagel). The eluate was subjected to A-overhang synthesis by incubating 43 µl of eluate with 5 µl 10x PCR buffer (5PRIME), 1 µl dATP (1 mM) and 1 µl Taq Polymerase (5PRIME). The mixture was incubated for 20 minutes at 70°C followed by ligation of the A-tailed PCR product into the pGemTeasy vector (Promega) using T4 DNA Ligase (Promega). Ligation was incubated overnight at 16°C and then transformed into E.coli Xl1Blue. The correct inserts were isolated by enzymatic digestion using the BamH1 and SlaI enzymes and subcloned to the target expression vector pcDNA5/TO (Invitrogen) or to the pcDNA5/TO vector containing a HA-tag (5'-TAC CCA TAC GAT GTT CCA GAT TAC GCT-3') in frame, upstream of the BamH1 restriction site to generate N-terminal tagged NOA1 constructs. The ClpX coding sequence (NM_011802) was amplified from cDNA derived from C57/Bl6 mouse heart. RNA was extracted with the Trizol Reagent (Life Technologies) and reverse transcribed using the Superscript II Kit (Invitrogen). Amplification was done using the same protocol as for NOA1 with the following primer oligonucleotides: ClpX forward 5'-GGA TCC ATG TCC AGT TGC GGC GCT TGT-3', ClpX stop reverse 5'-CTC GAG TTA GCT GTT TGC AGC ATC CGC TTG AC-3'.
Linker Synthesis
To link the subcellular targeting sequences derived from the NOA1 sequence to EGFP the following oligonucleotide pairs were designed: MTS sense: 5'-GAT CCA TGC TGC CCG CGC GCC TGG CTT GCG GGC TGC TCT GCG GGC TCC GGC GGG GCC; MTS antisense: 5'-TCG AGG CCC CGC CGG AGC CCG CAG AGC AGC CCG CAA GCC AGG CGC GCG GGC AGC ATG-3'; NLS sense: 5'-GAT CCA TGT TGA AGC GGC TGC GGA AGC GGC TGC-3'; NLS antisense: 5'-TCG AGC AGC CGC TTC CGC AGC CGC TTC AAC ATG-3'; NLS-NES sense: 5'-GAT CCA TGT TGA AGC GGC TGC GGA AGC GGC TGC TAG ACC TGC CGG ACG CCC TGC TAC CCG ACC TGC CCA AGC TGC-3'; NLS-NES antisense: 5'-TCG AGC AGC TTG GGC AGG TCG GGT AGC AGG GCG TCC GGC AGG TCT AGC AGC CGC TTC CGC AGC CGC TTC AAC ATG-3'. Each sense/antisense pair was subjected to a phosphorylation step and an annealing reaction using the following protocol. 2 µl sense oligonucleotide (100 µM), 2 µl antisense oligonucleotide (100 µM), 2 µl 10 X T4 Kinase Buffer (New England Biolabs), 1 µl 1 mM rATP, 1 µl 10 u/µl T4 Polynucleotide Kinase (New England Biolabs) and 12 µl H 2 O were incubated for one hour at 37°C followed by the annealing reaction: 3 min at 95° C and then a slow cool down with 0.8 °C steps per cycle during 99 cycles. The annealed oligonucleotides have a start codon (5'-ATG-3') and overhangs fitting to BamH1 (5') and Sla1 (3') enzymatic restriction sites and were directly ligated into the pcDNA5/TO vector encoding EGFP downstream of the Sla1 restriction site.
Isolation of nuclei and immunoprecipitation
Nuclei were isolated by hypotonic cell lysis. Cells were incubated with 1 ml 0.1x Homogenization buffer (4 mM Tris-HCl, 2.5 mM NaCl, 0.5 mM MgCl 2 0.1 mM PMSF) on ice and homogenized with a glass pestle. Then, 125 ml 2M Sucrose/TE (20 mM HEPES-KOH pH 7.5, 10 mM KCl, 1 mM EGTA, 1mM EDTA, 0.25 M Sucrose, 0.1% Fatty acid free BSA, 0.1 mM PMSF) solution was added. Nuclei were pelleted at 1200 g for 3 min at 4°C. Nuclei were further purified by repeating the procedure and washed with buffer (10 mM Tris-HCl pH 7.8, 250 mM EDTA, 2 M Sucrose) containing 0.25% NP-40. For immunoprecipitation, cells were twice washed with PBS and lysed with modified RIPA buffer (0.05% SDS, 150 mM NaCl, 1 % NP-40, 0.5 % NaDeoxycholate, 1 mM EDTA, 5 mM Tris-HCl pH 8.0) for 30 min at 4°C. The cleared lysate was incubated with 1-5 µg antibody and 30µl FastFlow Protein G Sepharose (GE Healthcare) slurry for 1 hour. Beads were washed three times with RIPA buffer and the immunocomplex was recovered with Laemmli sample buffer (67 mM Tris-HCl pH 6.8, 0.7% SDS, 10% glycerol, bromphenol blue, 100 mM DTT) by boiling for 10 min at 95°C. All buffers contained protease inhibitors: 1 mM PMSF, 2 mM Peptstatin A, 0.6 mM Leupeptin, 2 mM Benzamidine.
Isolation of nuclei and nuclear import assays
Isolation of nuclei was done as decribed (Igwe et al., 2009) . In short, nuclei isolated from RAW264.7 mouse macrophages were used in combination with recombinant mouse NOA1-His 6 protein (Al-Furoukh et al., 2013) . Cells were pelleted from a confluent 10 cm dish and incubated in 200 µl Hypotonic Nuclei Lysis Buffer (10 mM HEPES-KOH pH7.9, 0.1 mM EDTA, 2 mM MgCl2, 10 mM KCl, 1 mM DTT, 5 mM PMSF) for 10 min on ice. Cell disruption was supported by 2-4 gentle strokes in a dounce homogenizer. Cell lysis and nuclear integrity were checked microscopically by Trypan blue staining. The nuclei were pelleted at 500 g for 30 min at 4°C. The nuclear pellet was resuspended in 150 µl Nuclei Storage Buffer (50 mM HEPES-KOH pH 8.3, 0.1 mM EDTA, 5 mM MgCl2, 40 % Glycerol). For the nuclear import assay, 50µl transport buffer was mixed with 50 µl nuclei solution, 4 mM ATP, 3.25 µg Creatine phosphate, 4U Creatine phosphate kinase, ~15 µg recombinant NOA1-His 6 , 44 ng/µl Leptomycin B, 0.4 mM GTP or GTPγS (Melchior, 1998) . The import reaction was mixed by gentle pipetting and incubated for 30 min at RT. Nuclei were pelleted at 500 g for 10 min and washed quickly with PBS. After repelleting, nuclei were incubated in 4% paraformaldehyde solution for 10 min and washed again with PBS. The antibody staining occurred in solution with 100 µl antibody diluted 1:100 in PBS solution. Stained nuclei were mounted in Mowiol before microscope analysis.
Isolation of Nucleoli
For isolation of nucleoli from C2C12 ten 15 cm dishes were harvested by trypsinization. One hour before isolation of nucleoli fresh medium was added. Cells were washed three times with ice-cold PBS and pelleted at 218 g at 4°C followed by resuspension in 5 ml of Buffer A (10mM Hepes, pH 7.9, 10mM KCl, 1.5mM MgCl2, 0.5mM DTT) and incubation on ice for 5 min. Swelling of the cells in the hypotonic buffer was checked under a light microscope. Because nucleoli of cultured mammalian cells disassemble at 37°C in hypotonic conditions the suspension was kept at 4°C at all times (Zatsepina et al., 1997) . The cell suspension was transferred to a pre-cooled Dounce homogenizer (Wheaton 0.0010'' -0.0030'' clearance) and homogenized. Cell disruption was checked under the light microscope every ten strokes. Homogenization was stopped when 90% of the cells were lysed leaving intact nuclei with various amounts of cytoplasmic material attached. Next, the suspension was centrifuged at 218 g for 5 min at 4°C. The pellet contains enriched but not highly pure nuclei. The nuclei pellet was resuspended in 3 ml S1 solution (0.25M Sucrose, 10mM MgCl 2 ) and layered over 3 ml of S2 solution (0.35M Sucrose, 0,5mM MgCl 2 ). After centrifugation at 1430 g for 5 min at 4°C the nuclear pellet was resuspended in 3 ml S2 solution and sonicated for 6x 10 second bursts with 10 second intervals between each burst. Sonication was performed on ice. Sonicated nuclei were inspected under the microscope. Isolated nucleoli were identified as dense refractive bodies. The sonicated suspension was then layered over 3 ml of S3 solution (0.88M Sucrose, 0,5mM MgCl 2 ) and centrifuged at 3000 g for 10 min at 4°C. The pellet contains nucleoli, which were further purified by resuspension of nucleoli in 0.5 ml S2 solution followed by centrifugation at 1430 g for 5 min at 4°C. The resulting nucleolar fraction was used for pull-down experiments.
Isolation of mouse ClpX
The predicted mature form of mouse ClpX (BC061153, aa 66-634) was expressed from pET28b with N-terminal fusion to His 6 SUMO, by induction with 0.5 mM IPTG at 22°C for 4 h in BL21(DE3) E. coli. Cell pellets were lysed by French pressing (25 mM Hepes pH 8.0, 400 mM NaCl, 100 mM KCl, 2 mM MgCl 2 , 10% glycerol, and 10 mM βME). Lysates were supplemented with 5 U/mL Benzonase, 0.5 mM PMSF, and 1/500 Calbiochem protease inhibitor cocktail 3 and cleared (30 000 x g, 20 min). The fusion protein was isolated by Ni 2+ -NTA affinity (Qiagen), dialyzed overnight (25 mM Hepes pH 7.6, 300 mM KCl, 2 mM MgCl 2 , 10% glycerol, and 10 mM βME) and cleaved with Ulp1 protease. His 6 SUMO fragment and uncleaved protein was removed by incubation with Ni-NTA resin. Cleaved protein was further purified using a BioGel HT HAP column (Bio-Rad), eluting with a 0-0.26M potassium phosphate (pH 7.2) gradient. Peak fractions were pooled and incubated with Q Sepharose Fast Flow resin (Amersham Pharmacia). The flowthrough, containing mouse ClpX, was concentrated, diluted tenfold in dialysis buffer (with 1 mM DTT instead of 10 mM βME), reconcentrated, and flash frozen.
